Introduction {#sec1-1}
============

Sarcoidosis is an inflammatory disorder of unknown etiology. It is characterized histologically by the presence of noncaseating granulomas. Nearly one and a half centuries after its discovery much remains unknown about the etiology, pathogenesis and treatment of the disease. Evidence suggests that sarcoidosis occurs as the result of an imbalance in T-cell location and function, causing an exaggerated cellular immune response and an increased T-helper/inducer response.\[[@ref1]\]

A Case-Control Etiologic Study of Sarcoidosis study has given important data relating to the epidemiology of sarcoidosis.\[[@ref2][@ref3][@ref4]\] The incidence of sarcoidosis varies across ethnic groups, with African Americans having the highest incidence of sarcoidosis. Women are more likely to have eye and neurologic involvement than men. Sarcoidosis varies in severity and distribution from single organ involvement and self-limiting disease to chronic multisystem inflammation and organ failure. The lungs are involved in 90% of patients.\[[@ref5]\] Other organs frequently involved include the lymph nodes, skin, eyes, and the musculoskeletal, endocrine, and nervous systems.

Ophthalmic changes are the most common extrathoracic manifestations of sarcoidosis. Ocular involvement has been said to occur in 22% of cases.\[[@ref6]\] Ocular manifestations vary enormously and include granulomatous or nongranulomatous anterior uveitis, intermediate uveitis, retinal periphlebitis, multifocal choroiditis, papillitis, optic nerve granuloma, or papilledema, lacrimal gland enlargement and dry eye and, rarely, orbital involvement or scleritis. Secondary glaucoma and cataract are common. Ocular involvement can occur at any time during the course of sarcoidosis and can even predate the disease.\[[@ref7]\]

Neurologic involvement occurs in about 5--16% of cases.\[[@ref8]\] Involvement of the optic nerve, chiasm and tract in neurosarcoidosis is said to be uncommon, involving 1--5% of cases of sarcoidosis.\[[@ref8]\] Acute multisystem sarcoidosis is rarely a diagnostic challenge. However, limited sarcoidosis is well recognized, and there are a plethora of reports of single-organ involvement in the literature, in these cases, diagnosis is often difficult.\[[@ref9]\]

Direct infiltration of the optic nerve by sarcoid granulomas is probably the rarest documented optic nerve manifestation of sarcoidosis. We report a series of four cases of optic nerve head granuloma as the primary manifestation of sarcoidosis.

Case 1 {#sec2-1}
------

A 49-year-old female with no prior ocular complaints presented with a painless progressive decrease in vision in her right eye. The best corrected visual acuity in the right eye was 6/24, N18 and in the left eye was 6/6, N6. Slit lamp examination and intraocular pressure was within normal limits. Fundus examination revealed hyperemia and edema of the right optic nerve head. Flame shaped hemorrhages were seen radiating from the disc and there was presence of granuloma at the nerve head \[[Figure 1](#F1){ref-type="fig"}\]. B-scan ultrasonography revealed mass lesion extending from optic nerve head to superotemporal peripapillary region with high surface reflectivity and low to moderate internal reflectivity which was suggestive of a granuloma. Chest X-ray was normal. High resolution computed tomography (HRCT) of chest revealed hilar lymphadenopathy; however, patient had no systemic symptoms. Skin test for tuberculosis was negative. Laboratory studies revealed a normal blood count. The blood level of serum angiotensin converting enzyme (ACE) was raised. The antibody assays for toxoplasmosis were negative. A diagnosis of sarcoid optic nerve granuloma was made and the patient was started on intravenous methylprednisolone 1 g for 3 days. This was followed by a course of oral steroids 1 mg/kg body weight and methotrexate 15 mg/week. At 1-month follow-up, the best corrected visual acuity in the right eye was 6/9, N6 with a decrease in the disc edema \[[Figure 1](#F1){ref-type="fig"}\]. The patient was maintained on minimum doses of oral steroids and methotrexate for a period of 2.5 years. During this period, she did not show any manifestations of systemic sarcoidosis. At final follow-up, 4 years after the first episode, the patient had a best corrected visual acuity of 6/6, N6 in the right eye with complete resolution of the optic nerve head granuloma \[[Figure 1](#F1){ref-type="fig"}\].

![Fundus photograph shows hyperemia and edema of the right optic nerve with hemorrhages with disc granuloma B-scan ultrasonography revealed mass lesion extending from optic nerve head to superotemporal peripapillary region with high surface reflectivity and low to moderate internal reflectivity which was suggestive of a granuloma](OJO-8-157-g001){#F1}

Case 2 {#sec2-2}
------

A 49-year-old female with no prior ocular complaints presented with a painless progressive decrease in vision in her left eye. The best corrected visual acuity in the right eye was 6/6, N6 and in the left eye was 6/24, N18. Slit lamp examination and intraocular pressure were within normal limits. Fundus examination revealed hyperemic, edematic left optic nerve head with surrounding engorged retinal veins \[[Figure 2](#F2){ref-type="fig"}\]. Fluorescein angiography revealed optic nerve head hyperflourescence due to dye leakage consistent with disc edema. The erythrocyte sedimentation rate was elevated. Serum ACE level was elevated. Skin test for tuberculosis was negative. HRCT chest was suggestive of sarcoidosis though the patient did not have any systemic complaint. Therapy was started with intravenous methylprednisolone 1 g for 3 days followed by a course of oral steroids 1 mg/kg body weight. At 3 months follow-up, the best corrected visual acuity in the left eye was 6/9, N8. The fundus picture also showed improvement in disc edema \[[Figure 2](#F2){ref-type="fig"}\]. However, the patient was subsequently lost to follow-up.

![Fundus photograph shows revealed hyperemia and edema of left optic nerve head. Flourescein angiography shows optic nerve head hyperflourescence due to dye leakage consistent with disc edema](OJO-8-157-g002){#F2}

Case 3 {#sec2-3}
------

A 48-year-old female presented with a painless, progressive decrease in vision in her left eye and headache. The best corrected visual acuity in the right eye was 6/6, N6 and in the left eye was counting fingers at 1 m, \<N36. Slit lamp examination and intraocular pressure were within normal limits. There was the presence of a relative afferent pupillary defect in the left eye. Fundus examination revealed hyperemic, oedematic left optic nerve head with exudates at the macula forming a macular star configuration. Fluorescein angiography showed disc hyperflourescence due to dye leakage consistent with disc edema and presence of blocked choroidal fluorescence due to exudates at macula \[[Figure 3](#F3){ref-type="fig"}\]. The erythrocyte sedimentation rate was elevated. Serum ACE level was elevated. Skin test for tuberculosis was negative. HRCT and X-ray chest were within normal limits. Magnetic resonance imaging brain revealed subcortical vasculitis in parietal and frontal region. Therapy was started with intravenous methylprednisolone 1 g for 3 days followed by a course of oral steroids 1 mg/kg body weight and methotrexate 15 mg/week. In view of fluctuating blood glucose levels and the suspicion of a neurosarcoid, immunosuppressive agents were administered along with oral steroids. At 1-month follow-up, the best corrected visual acuity in the left eye was 6/9, N10 with resolving fundus lesions \[[Figure 3](#F3){ref-type="fig"}\]. At 2 months follow-up, the best corrected visual acuity in the left eye was 6/7.5, N8. At final follow-up 5 months after presentation, her disc edema showed significant resolution and the best corrected visual acuity in her left eye was 6/9, N6.

![Fundus photograph shows hyperemic, edematic left optic nerve head with exudates at macula. Flourescein angiography showed disc hyperflourescence and blocked choroidal fluorescence due to exudates at macula](OJO-8-157-g003){#F3}

Case 4 {#sec2-4}
------

A 36-year-old male presented with a painless progressive decrease in vision in the right eye. The best corrected visual acuity in the right eye was 6/9, N6 and in the left eye was 6/6, N6. Slit lamp examination and intraocular pressure was within normal limits. There was presence of relative afferent pupillary defect in the right eye. Fundus examination revealed a granuloma at the right optic nerve head with presence of peripapillary subretinal fluid \[[Figure 4](#F4){ref-type="fig"}\]. The erythrocyte sedimentation rate was elevated. Serum ACE level was elevated. Skin test for tuberculosis was negative. B-scan ultrasonography revealed mass lesion extending from optic nerve head to superotemporal peripapillary region with high surface reflectivity and low to moderate internal reflectivity which was suggestive of a granuloma. HRCT chest and X-ray chest were within normal limits. Therapy was started with oral prednisolone 1 mg/kg body weight along with methotrexate. At follow-up after 3 months, the granuloma had decreased in size \[[Figure 4](#F4){ref-type="fig"}\] and the vision was maintained at the last follow-up after 7 months.

![Fundus photograph and B-scan ultrasonography shows a granuloma at the right optic nerve head with presence of peripapillary subretinal fluid](OJO-8-157-g004){#F4}

Discussion {#sec1-2}
==========

Sarcoidosis is a systemic disease of unknown cause that commonly involves the eye and infrequently involves the central nervous system. Optic nerve involvement in sarcoidosis occurs in 1--5% of cases\[[@ref8]\] and it is the second commonest nerve to be involved next to the seventh nerve. Optic nerve involvement in neurosarcoidosis may occur in a variety of forms\[[@ref10][@ref11][@ref12]\] like papilledema, optic neuritis (retrobulbar neuritis or papillitis), optic atrophy or an optic nerve granuloma. Sarcoid granulomas can involve the optic nerve anywhere along its path up to optic chiasm.

Direct involvement of the optic nerve in sarcoidosis was first reported in 1964.\[[@ref13]\] Later, cases of optic nerve sarcoidosis have been variously reported in the literature.\[[@ref14][@ref15][@ref16]\] Optic nerve head sarcoidosis is frequently and erroneously labeled as a compressive or idiopathic optic neuropathy when supporting clinical signs go unrecognized and a directed diagnostic strategy is not used. When the optic nerve is involved in a patient with known sarcoidosis, the diagnosis is relatively straightforward. However, if optic nerve involvement is seen in the absence of known systemic sarcoidosis, it is imperative to establish the systemic diagnosis.

We had three females and one male in our series of four patients. The preponderance of females in our study is comparable to the female to male ratio of 8:3 reported by Beardsley *et al*.\[[@ref15]\] They have studied 11 cases of optic nerve sarcoidosis which is the largest cohort of such cases studied so far. Our findings of female preponderance are also consistent with recent studies by Baughman *et al*.\[[@ref17]\] and Menezo *et al*.\[[@ref18]\] In our study, all patients had unilateral optic nerve involvement similar to that reported by Beardsley *et al*.\[[@ref15]\] Bilateral involvement has also been reported previously.\[[@ref19]\]

The use of elevated angiotensin-converting enzyme levels to aid the diagnosis of sarcoidosis is well established. The first laboratory test done in a suspected case of ocular sarcoidosis is serum ACE. Serum ACE was elevated in all four of our patients whereas it was elevated in 1 out of 3 patients tested (33.3%) in the study by Beardsley *et al*.\[[@ref15]\] Frohman *et al*.\[[@ref20]\] in a study of sarcoidosis of the anterior visual pathway have reported a raised serum ACE in 76% of cases.

The chest X-ray was normal in all our patients in contrast to abnormal chest X-ray reported in 72% by Beardsley *et al*.\[[@ref15]\] and Frohman *et al*.\[[@ref20]\] HRCT has been shown to be helpful in cases where chest radiography fails to provide diagnostic support. HRCT was suggestive of sarcoidosis in two of our patients (50%). In a study by Menezo *et al*.\[[@ref18]\] chest radiography and HRCT showed signs compatible with sarcoidosis in 78% of patients with neurosarcoidosis.

Although optic nerve head involvement is often found in individuals with evidence of systemic sarcoidosis, it can be the initial and even the only sign of this disease. In our study, patients presented primarily with visual complaints without any systemic symptoms suggestive of sarcoidosis. On subsequent investigations, 3 of the 4 patients (75%) were found to have foci of systemic sarcoidosis in the form of pulmonary involvement and cerebral vasculitis. In a study by Beardsley *et al*.\[[@ref15]\] nine out of 11 patients were found to have systemic involvement.

Treatment of sarcoidosis in general and neurosarcoidosis, in particular, may be extremely difficult.\[[@ref21]\] Corticosteroids are the mainstay of therapy yet there are no standardized treatment protocols available as yet. The correct dose, the value of daily as opposed to alternate-day therapy, and the appropriate duration of therapy are unknown. All the four patients in our study received corticosteroids as the first line of treatment. Also, in view of the severity of involvement, intravenous high dose pulse steroid was given in two patients. Oral corticosteroids were given to all patient in the study by Beardsley *et al*.\[[@ref15]\] Immunosupression with methotrexate was given in three patients in our study. Methotrexate has proven to be steroid sparing in a double-blind, randomized trial\[[@ref22]\] of acute pulmonary sarcoidosis, and has proved effective in over 60% of patients treated with the drug for ocular manifestations.\[[@ref23]\] Of the cytotoxic agents, it is the best supported drug for treatment of sarcoidosis.\[[@ref24]\] All the patients in our study showed visual improvement in response to treatment.

In order to clear the diagnostic dilemma for ocular sarcoidosis, criteria for the diagnosis of ocular sarcoidosis were recently formulated.\[[@ref25]\] Applying these criteria to our cases, the first and second case can be labeled as "presumed ocular sarcoidosis" with the presence of optic nerve head granuloma and a positive HRCT. The third and the fourth case may be labeled as "probable ocular sarcoidosis" with the positive findings of optic nerve head granuloma and an elevated serum ACE and a negative tuberculin skin test. Due to financial constraints, transbronchial biopsy was not done in any of our patients.

There are certain drawbacks to our study like it is a small series of four patients with limited follow-up and no tissue biopsy to conclusively establish the diagnosis.

Thus, sarcoidosis of the optic nerve should always be considered in the differential diagnosis of patients with compressive or infiltrative optic neuropathies. Refined imaging modalities have facilitated the diagnosis when standard tests are negative. The ophthalmologist is the first to examine many patients with sarcoidosis. Prompt recognition of the disease and appropriate referral to a rheumatologist can aid in the efficient management of these patients.
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